The finding that people who eat the most whole grains have a lower risk of cardiovascular disease and diabetes, compared with those who eat the least, is one of the most consistent findings in nutritional epidemiology. However, criteria for reporting whole-grain intake have varied widely, making it difficult to precisely explore the relation between whole grains and grain components with health outcomes. To enable better understanding of the health benefits of whole grain-rich diets, we propose that both observational and intervention studies should as far as possible be required to report the following when describing whole grains: quantify the amount of whole grain in the food or product in grams on a dry-weight basis, describe the whole-grain definition used, report and separate the different types of grains used, if possible report the structure of the grains (intact, crushed, partially milled) in foods, and describe the main types of products used and processes used to make them. Added bran and germ should be reported distinct from whole grains. In addition, we strongly recommend the incorporation of biomarkers of whole-grain intake to check compliance to intervention diets and help attenuate for errors in dietary recall of whole-grain intake. Of these measures, reporting whole-grain intake in grams is essential for future research work in the area. Improving reporting and estimation of whole-grain intake will enable easier comparison between different studies and lead to stronger meta-analyses in the future.
INTRODUCTION
The association between greater intake of whole grains and a reduced risk of cardiovascular diseases, diabetes, obesity, weight gain, and some types of cancer in observational studies (1) (2) (3) (4) is one of the most consistent reported. These findings have led to health claims for products containing a high amount of whole grains being allowed in several countries (5, 6) and an increasing awareness of the need to include whole grains in the diet. However, the diversity of whole grains as a group of raw materials, as well as the range of different food processes used and the variety of products available in the marketplace, makes it difficult to estimate intakes of whole grains with high precision in both observational and intervention studies.
Several recent studies have raised questions regarding the value of emphasizing whole grains over bran or fiber in the diet (7) (8) (9) (10) (11) . Although the purpose of this article is not to enter into the debate on the relative merits of promoting whole grains, bran, or fiber, it is important to recognize that whole grains are a major contributor of dietary fiber (12) and that there is substantial colinearity between estimates of whole-grain intake and cereal fiber intake in observational studies. As for fiber, bran (both total and added) is significantly associated with whole-grain intake (r = 0.75-0.78) (13, 14) because most bran consumed comes from whole-grain foods rather than added bran or bran as a food ingredient. Observational data suggest that .75% of bran intake is from whole grains (15) .
Although the relative benefits of the whole grain or its components can be debated, it is clear from the recent American Society of Nutrition position paper on cereal fiber, whole grains, and bran (8) that there is a need for better reporting of the intake of whole-grain and related cereal fractions in both observational and intervention studies. In a recent meta-analysis of whole-grain intervention studies (1), whole-grain interventions included varied greatly in both the types of grains included (wheat, rye, oats, barley, mixed grains, whole grains plus bran), the amount eaten (from 48 to 485 g), and the control of diet (from dietary advice to eat or avoid whole grains to all foods being provided). When there is greater clarity about these factors and, if possible, consistency in study designs, it will be possible to make more definitive conclusions on the role of cerealbased foods and health. Here, we summarize the key information relating to whole-grain intake that we propose should be described in future observational and intervention studies ( Table 1) .
was made between the need to communicate sources of whole grain (i.e., whole-grain-rich foods) for the purposes of increasing whole-grain intake among the public and the needs of researchers to accurately estimate whole-grain intake to assess effects on health and set appropriate guidelines for how much whole grain should be in the diet. Several initiatives have attempted to address the former (16) , without also addressing the need for clearer information for research studies.
In the Dietary Guidelines for Americans, the terms servings of whole grain and ounce whole-grain equivalents are used (17) . These are mainly aimed at helping the public understand how much whole grain they should be eating and where to find whole grains, but they are of limited use scientifically because they may vary in terms of actual whole-grain amount. For example, the US Food and Drug Administration states that to qualify for the whole-grain health claim for heart disease and some cancers, a product must contain at least 51% whole-grain ingredients by weight (18) . So 100 g of a whole-grain food may range from 51 g whole grain to 100 g whole grain. Applying the Food and Drug Administration definition of a whole-grain food to observational studies (7) could mean that someone regularly eating foods with a whole-grain content ,50% would be categorized as eating no whole grain, potentially weakening the association of whole grains and health. Among British adults, foods with .51% whole grain accounted for only 27% of total whole-grain intake (19) . Many observational studies have categorized subjects based on the amount of whole-grain products or servings of whole-grain products (e.g., the highest quartile of whole-grain intake consumed 2 servings of whole-grain products) and do not capture the actual amount of whole grain eaten. For this reason, reporting the intake of "whole-grain products" should be avoided.
When reporting whole-grain intake collected from foodfrequency questionnaires, the authors should provide the list of whole-grain foods in the questionnaire and describe whether ready-to-eat breakfast cereals were specifically captured by the questionnaire. Accurate information on ready-to-eat breakfast cereals is important because they are one of the main contributors to whole-grain intake in some countries (19) (20) (21) . Because the absolute amount of whole grains varies considerably in these products, errors in whole-grain estimation for ready-to-eat breakfast cereals will likely lead to greater margins of error when estimating total whole-grain intake in grams ( Table 2) .
Because whole-grain foods vary widely in preparation and may be consumed essentially dry (e.g., breakfast cereal) or with a considerable water content (e.g., oatmeal porridge or cooked pasta), it is important to report whole-grain intake on a dryweight basis or report water content to avoid any ambiguity; otherwise, this can lead to wide variation in the amount of whole grain ( Table 2 ). Reporting whole-grain intake as "grams of whole grain" is more accurate and will allow for easier comparison between studies.
It may be possible to retrospectively convert earlier "wholegrain food intake" into "whole-grain intake" by applying average moisture levels and estimates of actual whole-grain content, as has been done previously (15) . Moisture levels in common whole-grain foods tend to be similar within a specific type of food, and data are readily available in most nutrient composition databases. This method may lead to some inaccuracies but would be closer to actual whole-grain intake than earlier estimates based on whole-grain food.
Define what definition of whole grain is being used
Presently, there is no universally accepted definition of a whole grain, although the definition by the American Association of Cereal Chemists is widely used (22) . Recently, the Healthgrain Forum, a Europe-based consortium of scientists and industry working with cereals, has proposed an updated definition that is similar but allows for minor losses (up to 2%) of the grain during milling (23) . In the past, other definitions have been used, and although there is general agreement that a whole grain should include the bran, germ, and endosperm in correct proportions, other matters, such as the practice of reconstitution vs. recombination of cereal flour or the range of cereal and pseudocereal grains included, vary or are not addressed (24, 25) . Such definitions are unlikely to have an impact on study outcomes, but because minor differences in the definition of whole grain exist, it is important to state which definition has been used to define whole grain in the study.
If possible, state the proportion of the different cereal grains consumed/provided
To investigate whether different cereal grains may have different physiologic effects or if whole grains as a food category lead to similar effects, one must be able to investigate both "total whole-grain intake" and the intake of individual cereal types (e.g., wheat, rice, corn, rye, oats). Although mixed-cereal foods may present a challenge in this respect, most cereal-based foods Report the amount of whole grain consumed (grams) rather than the absolute amount of the whole grain food/product Example: 16 g whole-grain wheat rather than 28 g whole-grain wheat bread Use "grams of whole grain" rather than "servings of whole grain" Correct food products for water content so that they are comparable for whole-grain content Provide the definition of how the whole grain is being classified Example: American Association of Cereal Chemists or Healthgrain definition of a whole grain If possible, state the proportion of the different cereal grains consumed/ provided Example: " The subjects ate 100 g whole grains per day, of which 40 g were wheat, 20 g were rice, 20 g were oats, and 10 g were barley" rather than " The subjects ate 100 g whole grains per day" If relevant, comment on the structure and processing of the grains used/ consumed Example: finely milled, coarsely milled, intact grains, germinated grains Clearly state the difference between bran or germ coming from whole-grain intake vs. added bran or germ In intervention studies, use a refined grain control rather than "normal diet."
This may help circumvent group differences in energy intake due to "addition" instead of "replacement" of study foods, as well as having a control group inadvertently eating whole-grain foods If possible, use a biomarker of intake to improve estimates of compliance/ intake are based on one grain type, which should make it possible to include in whole-grain databases. An example of the need for this approach is recent research on the effect of whole-grain wheat, rye, and oats on colorectal cancer (26) , where wheat was unexpectedly found to reduce risk, whereas no benefit was observed with other sources of whole grains such as rye or oats.
If relevant, comment on the structure and processing of the grains used/consumed
Most cereal foods are based on milled flour rather than intact grains. Several studies indicate a difference in physiologic response for intact or milled grains, especially for glucose metabolism (27, 28) . The possible impact of grain structure should be considered when reporting whole-grain intake, and if products are based on intact, cracked, or ultrafine milled grains, these details should be provided when describing whole-grain products and control foods in intervention studies. This information could be included with the nutrient composition of the diets, with the proportion of different grain milling and processes used given. In the example provided in Table 3 , it is possible to determine that this mixed whole-grain diet was predominantly wheat and based on milled grains, and therefore factors beyond food structure may have been responsible for the physiologic results observed (29) . Although these details may be difficult to provide in all settings, giving as much relevant detail as possible will help determine the relative importance of food structure compared with nutrient composition for health. 259 6 34 Total whole grain intake, 2 g 0 6 0 151 6 15 Whole-grain wheat, g 0 6 0 100 6 10 Whole-grain rice, g 0 6 0 1 4 6 1 Whole-grain oats, g 0 6 0 2 0 6 2 Other whole grains 6 rye, barley, corn), g 0 6 0 1 7 6 2 Whole grains with intact kernels, g 0 6 0 1 0 6 1 Whole grains with cracked/crushed kernels, g 0 6 0 1 4 6 1 Milled whole grains, g 0 6 0 127 6 13
Separate reporting of added bran or germ intake
Added bran is an important source of dietary fiber, and there has been debate about whether the benefits of whole grains are mainly derived from the action of the bran fraction alone or whether the "complete package" is necessary for physiologic benefits (see Introduction). Few studies have directly compared whole-grain with equivalent bran intake, although 2 studies suggest that whole grain leads to greater increases in fecal Bifidobacteria and Lactobacilli populations in humans (30) and greater production of cecal short-chain fatty acids in rodents (31), compared with equivalent bran-based diets. Because there may be a difference between whole grain and added bran on its own, whole-grain and added-bran (or germ) intake should be reported separately, if possible.
In intervention studies, use a refined grain control rather than a "normal diet"
Using a refined grain control instead of a "normal" diet" may help circumvent group differences in energy intake due to "addition" instead of "replacement" of study foods, as well as having a control group inadvertently eating whole-grain foods. This issue has been identified in some notable whole-grain intervention studies (32, 33) , and the additional energy intake may obscure any effects due to a whole-grain diet (34) .
Use of biomarkers to improve estimation of whole-grain intake
The use of biomarkers in nutrition studies has been advocated for many years, and their strengths and limitations are well described (35) . A biomarker of intake provides an estimate that is independent of the recall or recognition bias that hampers accurate estimation of whole-grain intake by food-frequency questionnaires in particular. In addition, they can be a tool to check compliance in intervention studies, especially long-term intervention studies where compliance may waiver over time. Over the past 10 y, the use of plasma alkylresorcinols (or their metabolites) has shown great promise because they are found only in the outer layers of wheat and rye (with lower concentrations in barley), are stable during food processing, and are well absorbed by humans (36) . Several studies have used plasma alkylresorcinols as checks of compliance during intervention studies, with a possible relation between good compliance and outcomes (29, (37) (38) (39) . These early results suggest that there is strong merit in including alkylresorcinol measurements in observational and intervention studies focused on cereal foods, although more data are needed on comparing outcomes based on traditional estimates of whole-grain intake and the use of plasma alkylresorcinols or related compounds. There are weaknesses with this approach, mainly that interindividual variation is high (36) , predictors of an individual's plasma alkylresorcinol concentration beyond alkylresorcinol intake are poorly understood (37, 40) , and alkylresorcinols do not respond to intake of all whole grains commonly consumed in the diet (e.g., rice, corn, and oats). Further work is needed to find and validate other biomarkers of whole-grain intake that reflect exposure to other grain types, but these weaknesses should not detract from the fact that intake biomarker assessment of diet can be a useful complement to other measures of intake.
BETTER WHOLE-GRAIN REPORTING IN FOOD COM-POSITION DATABASES WILL LEAD TO BETTER RE-SEARCH ON WHOLE GRAINS
Observational studies in particular rely on estimates of whole grain based on data reported on food packaging or from recipes. Whole-grain content is often not reported precisely in ingredient lists, making accurate estimation of whole-grain intake difficult and potentially adding error that could be minimized if this information was available. To our knowledge, worldwide only the Swedish Food Composition Database lists whole-grain content of foods (http://www7.slv.se/SokNaringsinnehall), based on amounts reported on packaging. Because there is no way of objectively measuring the amount of whole grain in a food, it is critical that the food industry and scientists collaborate to include the whole-grain content of foods in publicly available databases, something that the Swedish Food Composition Database demonstrates is possible.
CONCLUSIONS
We recommend that the guidelines outlined in this article should be followed for reporting whole grains in future observational and clinical studies. Of the recommendations made, the most important is to report whole-grain intake in grams, instead of servings or portions of whole-grain food. If the reporting of whole-grain intake in observational and intervention studies can be improved, it will be possible to better deduce the effects of individual grains and whether there are any effects of individual grain components or processing in meta-analyses. This will help inform the debate around whole grains, cereal fractions, and fiber and ultimately lead to better science-based dietary advice.
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